Introduction
The PHERMEX facility is a 50-MHz standing wave linear accelerator. Electrons are injected, accelerated, and transported to a tungsten target where Bremstrahlung x rays are generated for flash radiography of hydrodynamic systems. The machine is described in Ref. 1 The purpose of this article is to describe the progress of PHERMEX electron gun development. The goal of this program is to generate and transport a 200-ns, 1-MV, 1-kA electron beam into the first PHERMEX accelerating cavity. The standard gun is operated at a pulse voltage of 550 kV, which is the limit determined by internal breakdown of the vacuum insulator. This insulator has been redesigned, and the gun has been pulsed at 750 kV without internal breakdown. Characterization of the standard gun is described in Ref. 3 .
At present, the current output is not limited by voltage but by a phenomenon called pulse shortening, which occurs at a pulse voltage of approximately 650 kV. The phenomenon has been investigated and the results are presented.
Experimental Arrangement
A schematic of the electron gun injector lens assembly is shown in Fig. 1 . Electrons are generated on the 100-mm-diam hot cathode, made of a tungsten matrix impregnated with barium oxide. The electrons are extracted from the cathode and through the anode by a high-voltage pulse introduced in the back of the gun. The resulting beam is transported and focused by solenoidal magnets into the first accelerating cavity of PHERMEX. The emittance mask in the schematic is the location of the entrance to this cavity. The new convoluted vacuum insulator is shown in the schematic. An electrical schematic of the gun-pulser is shown in Fig. 3 . The Femcor is a coaxial cable Marx generator. It has a nominal pulse voltage duration of 200 ns; in practice the pulse length at full voltage is 150 ns because of rise-and fall-time considerations. For a matched load at 600 kV, the pulser is charged to 110 kV. In order to increase the gun voltage, the load resistance is increased; thus the pulser is mismatched to the gun/load resistor combination. The 110 kV charge voltage in these experiments gives 750 kV pulse voltage. The absolute voltage on the gun is monitored by the current viewing resistor (CVR) in series with the load resistor. All gun monitors are shown in 
Measurement Results
The pulse voltage was varied between 440 kV and 750-kV. At each charge voltage the absolute pulse voltage was measured using the current viewing resistor (CVR). This monitor was cross calibrated with both of the integrated V-dot probes, which were used as relative monitors. These probes correlated linearly with each other and the CVR to within 4%. Fig. 5 . The lenses were tuned so that Li peak field was 0.034 T and L2 was 0.030 T for the transmitted beam measurements.
The results in columns 4 and 5 indicate that at voltages greater than 650 kV without the lenses and 685 kV with the lenses, we observe something we call pulse shortening. Figure 6 (b) and 6 (d) are two beam current pulses measured by the emittance mask at 650 kV and 685 kV, respectively. Clearly the pulse is shortened in length. This phenomena was observed in experiments where the anode aperture was 50.8 mm in diameter.
By varying both the pulse voltage (charge pulse voltage and current (cathode temperature), we found that the threshold for pulse shortening occurred at constant power. This threshold was found to be 600 kV at full current. We installed a 63.5-mm-diam anode and two monitors, voltage and current on the A-K gap (Ref. 5 ).
The threshold for pulse shortening increased to 650 kV. The signal on the integrated internal B-dot increased or continued at the time that the pulse shortened. Using the full bandwidth of our Tektronix 7834 oscilloscopes, we were unable to observe a substantial rf signal on either the B-dot loop or the V-dot probe. The result of the B-dot measurement at 650 kV and 685 kV is given in Fig. 6 (a) and (c). It should also be noted that the threshold increased from 650 kV to 685 kV by the addition of the solenoidal focusing lenses. There is no evidence of insulator breakdown associated with the pulse shortening.
Discussion and Conclusions
The PHERMEX standard electron gun has successfully been operated at pulse voltages of 685 kV with a full width current pulse. It has been pulsed as high as 750 kV without observable insulator breakdown. The higher current and voltage beams have been transported through the solenoidal focusing elements used to inject into the first PHERMEX accelerating cavity. The beam loss in transport is relatively small (3-5%). The 
